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Abstract From June 2005 to November 2010, 43 small mammals encompassing 6
species of Didelphimorphia, 8 species of Rodentia, and 1 species of Lagomorpha were
found parasitized by ticks in the state of Minas Gerais, southeastern Brazil. Nine tick
species, in total 186 specimens, were identified as follows: Amblyomma cajennense (larvae
and nymphs) on opossums and rodents; Amblyomma ovale (nymphs) on rodents; Ambly-
omma parvum (nymphs) on rodents; Amblyomma coelebs (nymphs) on opossums;
Amblyomma dubitatum (nymph) on opossums; Ixodes amarali (females, nymphs, and
larvae) on opossums and rodents; Ixodes loricatus (male, females, nymph) on opossums;
Ixodes schulzei (female) on rodents; and Haemaphysalis leporispalustris (female) on
rabbits. Most of the tick-host associations found in the present study have never been
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recorded in the literature; those include three new host records for I. amarali, four for A.
cajennense, one for A. dubitatum, two for A. ovale, and one for A. coelebs. In addition, we
provide the first record of A. coelebs in the state of Minas Gerais.
Keywords Amblyomma  Ixodes  Haemaphysalis  Mammals  Minas Gerais  Brazil
Introduction
The Brazilian tick fauna is currently composed by 64 species, being 44 in the Ixodidae
family and 20 in the Argasidae family (Dantas-Torres et al. 2009, 2012, Labruna and
Venzal 2009; Nava et al. 2010a). Many Ixodidae species have been reported on small
mammals from Brazil and other South American countries, as recently reviewed by
Guglielmone and Nava (2010, 2011) and Guglielmone et al. (2011). However, life-stories
of many tick species occurring in Brazil are still poorly known, as evidenced by scarce host
records available in the literature.
The state of Minas Gerais is located in the southeastern portion of Brazil, occupying an
area of 588,384 km2. Due its vast area, and great variety in climate, topography and water
resources, the state comprises three of the most important Brazilian biomes: Cerrado,
Caatinga, and Atlantic Forest (Bonvicino et al. 2008; Drummond et al. 2005; Reis et al.
2006). A total of 243 species of mammals have been recorded in the state of Minas Gerais;
128 of them consist of small mammals, here considered as terrestrial mammals equal or
smaller than Dasyprocta azarae Lichtenstein. In the present study, we provide host records
for nine tick species in the state of Minas Gerais, southeastern Brazil. Most of the host-
records here reported have never been reported before.
Materials and methods
From June 2005 to November 2010, ticks were collected from small mammals captured in
17 municipalities of Minas Gerais (Table 1), as part of different studies with diverse
purposes. Small mammals were captured by different methods through the use of live traps
(Tomahawk, Shermann) or pitfall stations, as previously described by Williams and Braun
(1983). Taxonomic identification of small mammals was performed in the field with the aid
of identification guides (Bonvicino et al. 2008, Reis et al. 2006). When necessary, spec-
imens were identified by cranial morphology at the Museum of Natural Sciences of the
Pontifı´cia Universidade Catolica (MCN/PUC-Minas) at Belo Horizonte city, Minas Gerais,
following Dı´az and Barquez (2002). Mammal nomenclature followed Bonvicino et al.
(2008). Collected ticks were preserved in absolute alcohol until taxonomic identification in
the laboratory. Adult ticks of the genus Ixodes and Haemaphysalis were identified fol-
lowing Onofrio et al. (2009) and Cooley (1946), respectively, whereas nymphs of the
genus Amblyomma were identified following Martins et al. (2010). Ixodes nymphs and
larvae were identified through comparisons with specimens derived from laboratory col-
onies that have been deposited at the Acari Collection of the Butantan Institute (IBSP) and
the National Tick Collection (CNC) of the University of Sa˜o Paulo. Amblyomma larvae
were identified to species by molecular methods. In this case, 2 specimens representing a
given larval morphotype collected from each individual host were processed by DNA
extraction, PCR, and DNA sequencing of a portion of the tick mitochondrial 16S rDNA
gene, as previously described (Ogrzewalska et al. 2009). In addition, 2 larvae, 1 nymph,
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and 2 females that were morphologically identified as Ixodes amarali Fonseca, and one
female identified as Ixodes loricatus Neumann were also processed by molecular methods
as described above, in order to obtain their 16S rDNA sequences. DNA sequences were
submitted to BLAST analysis to determine the closest similarities available in GenBank.
Voucher specimens of the ticks collected in the present study have been deposited in the
CNC tick collection, under the accession numbers CNC-1914, 1730–1733, 2100–2105.
GenBank nucleotide sequence accession numbers for the partial 16S rDNA sequences
generated in this study are JQ598167, JQ598168, and JQ598169 for Amblyomma ca-
jennense (Fabricius), I. amarali, and I. loricatus, respectively.
Results
A total of 43 small mammals parasitized by ticks were identified into 15 different species
of 5 families and 3 orders, as shown in Table 2. Nine tick species, totalizing 186 speci-
mens, were identified. The A. cajenennse larvae were identified by molecular methods. In
this case, sequences generated from individual larvae showed to be identical to each other,
and by Blast analysis, they were closest (99 %) to the corresponding sequence of A.
cajennense (FJ424404) from the state of Sa˜o Paulo, Brazil. Three animals were infested by
more than 2 specimens of Amblyomma larvae. In these cases, only two larvae from each
host were identified by molecular methods; the remaining larvae were considered to be A.
cajennense because they represented the same morphotype of the larvae processed for
DNA sequencing. The sequence generated from one female of I. loricatus collected from
Didelphis aurita Wied-Neuwied, at Divino Municipality showed to be closest (99 %
identity) to corresponding sequences of I. loricatus available in Genbank (AF549840,
ILU95892). The sequences generated from two larvae, one nymph, and two females of I.
amarali, all collected from Monodelphis domestica (Wagner) at Morada Nova de Minas
Table 1 Locations of the state
of Minas Gerais where ticks were
collected on small mammals
Code Municipality Longitude Latitude
1 Bara˜o de Cocais -43.48 -19.94
2 Belo Horizonte -43.95 -19.81
3 Canaa˜ -42.62 -20.68
4 Conceic¸a˜o do Mato Dentro -43.42 -19.03
5 Diamantina -43.6 -18.24
6 Divino -42.14 -20.61
7 Dores de Guanha˜es -42.92 -19.05
8 Francisco Sa´ -43.48 -16.47
9 Itabira -43.22 -19.61
10 Mariana -43.41 -20.37
11 Mato Verde -42.86 -15.39
12 Morada Nova de Minas -45.35 -18.6
13 Ouro Preto -43.5 -20.28
14 Pompe´u -44.93 -19.22
15 Serra do Cipo´ -43.71 -19.16
16 Uberlaˆndia -48.27 -18.91
17 Unaı´ -46.9 -16.35
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Municipality, were identical to each other, and by Blast analysis, showed to be closest
(95 % identity) to corresponding sequences of I. loricatus (AF549840, ILU95892), and
secondly (93 % identity) to Ixodes luciae Se´nevet (ILU95894, AF549851).
Discussion
To the best of our knowledge, most of the tick-host associations found in the present study
have never been recorded in the literature; those include three new host records for I.
amarali, four for A. cajennense, one for Amblyomma dubitatum Neumann, two for
Amblyomma ovale Kock, and one for Amblyomma coelebs Neumann (Table 2).
The tick I. amarali is endemic to Brazil, where most of the host records have been on
marsupials and small rodents (Fonseca 1958; BarrosBattesti and Knysak 1999). Fonseca
(1958) stated that immature stages feed on Rodentia, while adults parasitize marsupials
(Didelphidae). This statement is partially supported by our findings, which indicate that
immatures can also infest marsupials. In fact, M. domestica and Monodelphis kunsi Pine
appear to be important for all parasitic stages of I. amarali, since all adults and most of
larval and nymphal specimens came from these host species. We provide the first DNA
sequence of I. amarali, showing that this species is genetically close-related to I. loricatus
and Ixodes luciae Se´nevet (5–7 % divergence, respectively, for a fragment of the 16S
rDNA gene). These divergence values are within the 5 % divergence observed between I.
loricatus (AF549840) and I. luciae (AF549851), and corroborate previous studies that have
indicated that I. loricatus, I. luciae, and I. amarali have a common origin in South America
(Guglielmone and Nava 2011).
Our findings of I. loricatus and Ixodes schulzei Araga˜o and Fonseca are supported by
current literature, which states that adults of I. loricatus and I. schulzei parasitize chiefly
opossums Didelphis spp. and the water rat Nectomys squamipes (Brants), respectively
(Labruna et al. 2003; Guglielmone et al. 2011). In addition, our finding of a nymph of I.
loricatus on D. aurita is also supported by previous studies, although it has been shown
that I. loricatus larvae and nymphs feed mostly on Sigmodontinae rodents (Guglielmone
et al. 2011).
All but one records of Amblyomma ticks in the present study refer to immature stages.
Adults of A. cajennense are mostly associated with medium to large-sized mammals in
Brazil, chiefly horses, tapirs [Tapirus terrestris (Linnaeus)], capybaras [Hydrochoerus
hydrochaeris (Linnaeus)], and peccaries (Tayassu spp.). However, their immature stages
might be found in an ample range of hosts, including small mammals and birds (Araga˜o
1936; Labruna et al. 2002; Estrada-Pena et al. 2004). This study adds three marsupial and
one rodent species to the vast list of hosts for A. cajennense.
The species A. dubitatum, which feeds primarily on capybaras (H. hydrochaeris), has
been only occasionally reported on small mammals such as Cricetidae rodents and
Didelphis spp. (Nava et al. 2010b). Here, we report this tick on Lutreolina crassicaudata
(Desmarest) for the first time. L. crassicaudata is a nocturnal and semi-aquatic marsupial
that uses burrows close to water courses for shelter (Santori et al. 2005). Thus, its eco-
logical niche is similar to that of capybaras (H. hydrochaeris), the main host of A. du-
bitatum (Nava et al. 2010b). We report nymphs of A. ovale on the rodents Thrichomys
apereoides (Lund) and Trinomys setosus (Desmarest) for the first time. These findings
reinforce previous studies that suggested small rodents as the main host group for A. ovale
larvae and nymphs under natural conditions (Jones et al. 1972; Guglielmone et al. 2003;
Martins et al. 2012).
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The caviid rodent Galea leucoblephara (Burmeister) (reported as Galea musteloides
Meyen) was reported as the most important host for A. parvum larvae and nymphs in
Argentina (Nava et al. 2006; Guglielmone and Nava 2010). Another caviid species, Galea
spixii (Wagler), was recently found to be infested by A. parvum nymphs in Brazil (Horta et al.
2011). We found 22 nymphs of A. parvum parasitizing two individuals of the Echimyidae T.
apereoides, corroborating a previous report of 13 A. parvum nymphs on a T. apereoides
specimen at northeastern Brazil (Horta et al. 2011). Due to the high degree of relatedness of
South American Caviidae and Echimyidae families, both belonging to the suborder Cavio-
morpha (Bonvicino et al. 2002), coupled with the morphological and behavioral similarities
(Bonvicino et al. 2008; Reis et al. 2006), it is likely that in addition to caviid rodents, the
echimids appear to be important hosts for the immature stages of A. parvum.
Finally, we found a nymph of A. coelebs on D. aurita, and a female of Haemaphysalis
leporispalustris (Packard) on the wild rabbit Sylvilagus brasiliensis (Linnaeus). While the
latter tick is primarily associated with S. brasiliensis in Brazil (Labruna et al. 2000), this is
the first record of A. coelebs on D. aurita, although nymphs of this tick species has been
previously reported on Didelphis albiventris (Labruna et al. 2005; Martins et al. 2011).
Amblyomma coelebs is primarily associated with tapirs, Tapirus spp. (Labruna and
Guglielmone 2009), although immature stages seem to have a broader host range (Labruna
et al. 2002; Martins et al. 2011). This study expands the distribution area of A. coelebs in
Brazil, since this is the first report of this tick in the state of Minas Gerais, which neighbors
other states (Sa˜o Paulo, Mato Grosso do Sul) in where this tick has been previously
reported (Labruna et al. 2005).
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